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OPTIMIZING PLANER INFEED SYSTEM AND METHOD 



Field of the Invention 



This invention relates to improvements inplanerinfeed work pieces in a planeimill 
and in particular to an optimizing planer infeed system and method. 

Background of the Invention 

A planer, planer-matcher, or moulder are similar machines widely used throughout 
the wood processing industry to turn rough work pieces into finished work pieces such as surfaced 
lumber and contoured shapes like molding, flooring and siding. The planer's primary function is 
to produce a finished piece with the desired cross-sectional profile and an adequate surface finish 
firom the rough work piece being processed. 

Figure 1 shows a diagram of the typical flow of material fhrougji a conventional 
prior art planer system. The rough work piece is typically fed transversely on a smooth transfer 
deck and sheet fed into a 90" turn called a linear acceleration device onto the planer infeed 
transport device. The work pieces then typically feed linearly into the planer with little or no gap 
between each piece. 



The key elements of a typical prior art planer infeed system, as shown in Figure 1, 

are as follows: 

a) lumber tilt hoist 

b) smooth top chain way 

c) sheet feeder 

d) linear acceleration device 

e) transverse acceleration device 

f) planer infeed transport device 

g) planer 
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nie exact configuration and name given to each component of the infeed system 
may change based on manufecturer, model and the material being processed. 

An optimizing planer system is a recently developed device where a geometric 
scanning system measures the dimensional profile of each individual incoming rough work piece. 
The profile data of each incoming piece is then used during the planing operation to control the 
planer to produce the most optimized finished work piece. In an optimizing planer system the 
planer must have sufficient gaps present between each work piece so that the positioning devices 
within in the planer have enough time to properly reset firom one piece to the next. 



Summarv f>f tbe Invention 



15 



20 



The invention centers on the recognition that the throughput of an optimizing 
planer is highest if the gap time between each individual work piece can be controUed. Preferably, 
this gap time should be held to the minimum required gap time (the time required for guiding 
and/or cutting elements within a planer to reposition between work pieces) for the type of planer 
feeding system and control system being used. Gap control is achieved through combming 
mechanical systems with one or more of the following: scanning, sensing, computer optimization 
and computer process control systems. 

There are basically three different practical methods of establishing and/or 
controlling and/or correcting the gap time between individual work pieces in anoptimizi^ 
infeedsystem. These three methods are: open-loop, non-optimizing gap control, closed-loop non- 
optimizing gap control, and closed -loop optimized gap control. 

Open-loop, Non-optimizing Gap Control 

The first method of gap control is open-loop, non-optimizing control. This method 
involves knowing the minimum required gap associated with the mechanical constraints of the 
30 planer (the time it takes to move the guiding and cutting elements their farthest amount) then 



25 
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setting the gap between work pieces with fixed time base open loop control. Fixed time base open 
loop control is defined as a system having a fixed speed (meaning the speed is not automatically 
varied over time for the purpose of estabUshmg and/or controlling and/or correcting the gap 
between work pieces). For example, if it is known that the nunimum required gap for a given 
planer is .125 seconds, then the mechanical system feeding the planer would release the work 
pieces to feed into the planer with a . 125 second plus a safety factor time of possibly .050 seconds 
gap between pieces. This method of gap control relies only on mechanical time based gapping. 
No work piece sensing, computer optimization or computer process control are required for tiiis 
method. Once the work pieces are gapped, tiiere is no automatic gap monitoring or correction. 

Closed-loop, Non-optuniziD^ Gap Control 



15 



The second method of gap contix)l is closed loop, non-optimizing contirol. This 
method also involves knowing the minimum required gap time associated with tiie mechanical 
constraints of tiie planer (tiie time it takes to move tiie guiding and/or cutting elements their 
fartiiest amount) and estabUshing and/or controlling and/or correcting tiie gap between work pieces 
witiivariabletimebasedclosedloopcontrol. Variable time based closed loop control is defined as 
a system having a variable speed (meaning tixe speed is automaticaUy varied over time for the 
purpose of estabUshing and/or controlling and/or correcting the gap between work pieces). For 
2 0 example, if it is known that the minimum required gap for a given planer is . 1 25 seconds then the 
closed loop controlled mechanical system controls tiie planer infeed devices to establish and/or 
controland/or correct tiie gap toatarget of. 125 seconds between subsequent work pieces as tiiey 

enter tiie planer. This metiiod of g^ control reUes on one or more of tiie following, variable time 
based control as described above, work piece sensing, and computerized process control. 



25 



Closed-loop, Optimizing Gap Control 



The third method of gap control is closed loop, optimizing control. This method 
involves determining tiie mmimum required gap time j&rom one individual work piece to tiie next 
30 individual work piece based upon predicting and/or calculating tiie actual time required to 
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reposition the guiding and/or cutting elements within the planer between these work pieces, then 
estabUshing and controlling and/or correcting the gap between work pieces accordingly based 
upon this information. For example, if only a short repositioning movement is required between 
work pieces (.025 seconds for example) then only a small gap would be estabUshed and/or 
, controlled and/or corrected between those two incoming work pieces (a gap time of .025 seconds 
plus a safety factor). Alternatively, if a lengthy repositionmg of guiding and/or cutting elements is 
anticipated between pieces (.200 seconds for example) then a longer corresponding gap would be 
established and/or controlled and/or corrected between work pieces. This method of gap control 
reUes on one or more of the following, variable time base control, work piece sensing, 
J computerized process control, and computer optimization. This method of controlling the gap 
between work pieces is called fully optimized gap control. Figure 2 shows a simpUfied example 
of this method. 

Other gap control methods are conceivable, but they may not be as deshable and/or 
5 as practical as the three methods outlmed above. For example, an optimizing planer infeed system 
could employ open-loop optimizing gap control where the minimum required gap time is 
determined from one individual work piece to the next individual work piece based upon 
predicting and/or calculatmg the actual time required to reposition the guiding and/or cutting 
elements between each work piece within the planer (just as in the previously described method, 
0 closed loop, optimizmg control) then, simply establishing the gap between work pieces 
accordingly based upon this information - without controlling and/or correcting Ihe g^ over time. 

In summary, the optimizing planer infeed system according to the present 
mvention, for feedmg an array of workpieces linearly downstream to a planer, includes means for 

25 settmg the size of gaps between successive workpieces so that each gap between successive 
workpieces provides enough time for at least one of: (a) movable cutting elements or at least one 
cutting element (collectively herem referred to as cutting elements) in tiie planer; and (b) acting 
guidmg elements to be moved to their optimized position corresponding to the next successive 
workpiece. The description of the cutting element being moved relative to the workpiece is 

3 0 expressly intended to encompass the relative movement of the workpiece, relative to the cutting 
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element, for example moved by an active guiding element . In one aspect of the present invention 
each gap is optimized individuaUy so that the gap spacing provides only enough time for the 
individual optimization of the next successive workpiece in the array of workpieces, so as to not 
waste time. 

5 

The means for setting the size of gaps may include a workpiece feed path means for 
translating the array of workpieces downstream towards the planer, and means for accelerating 
workpiece speed of the workpiece along, and cooperating with, the workpiece feed path means so 
as to control the size of the gaps. The size of the gaps may include wood to be trimmed 
10 downstream in a trimmer according to an optimized trim solution. Further workpiece 
transportation means such as an intermediate transport device may be provided fortransporting the 

workpiece downstream from the means for accelerating workpiece speed to the planer. Workpiece 
interrogation means may be provided for interrogating the workpiece to detemiine workpiece data 
corresponding to attributes of the workpiece, in which case a workpiece optimization system may 
15 be provided that receives the workpiece data corresponding to attributes of the workpiece from the 
workpiece interrogation means, determines an optimized cutting solution for the work piece, and 
sends control instructions to the means for accelerating workpiece speed. 

The means for accelerating workpiece speed may include one or more of a fixed 
20 speed transverse acceleration device, a variable speed transverse acceleration device, a vertical 
acceleration device, a fixed speed linear acceleration device, a variable speed linear acceleration 
device. The workpiece interrogation means may include one or more of a linear workpiece 
interrogator and a transverse workpiece mterrogator. Tlie workpiece transportation means may 
include one or more of a fixed speed intermediate transport device, a variable speed intermediate 
2 5 transport device. The workpiece feed path may include one or more of a sheet feeder, a fixed 
speed lug transfer and a variable speed lug transfer. 

The apparatus according to the present invention may further include workpiece 
sensing means to sense one or more of the position, velocity and acceleration of a workpiece in the 
30 array of workpieces upstream of the planer; and a control system that receives data from the 

5 



wo 2004/089584 



PCT/CA2004/000562 



worJ 



•kpiece sensing means and using the data from the workpiece sensing means, controls the size 
of the gaps to establish and/or control and/or correct a minimum required gap between each 
successive workpiece. In one embodiment the control system and the workpiece optinuzation 
system are combined into a singular gap optimization system. 

Means may be provided for determining in-piece gap-reduction for a successive 
series of workpieces in the array of workpieces. The means for setting tlie size of gaps between 
successive workpieces cooperates with the means for determining in-piece gap-reduction so as to 
reduce the size of gaps. An optimized planing solution for a downstream workpiece in the 
successive series of workpieces provides for in-piece setting of the cutting elements within the 
downstream workpiece so as to pre-position the cutting elements for commencing an optimized 
planing solution for a next adj acent iq>stream workpiece in the successive series of workpieces. 
•nie size of gap between the downstream and upstream workpieces may thereby be reduced, for 
example, to zero. 

Tlie method of optimizing the infeed to an optimizing planer according to the 
presentinventionmay include the steps of feeding a series of workpieces downstream towards the 
planer; accelerating each workpiece in the series of workpieces to provide a gap and corresponding 
time between successive workpieces in the series sufficient for optimized setting of cutting 
elements in the planer. The method may further include the steps of: interrogating each 
workpiece and creating unique workpiece property information corresponding to the workpiece; 
transporting each workpiece to the planer; and controlling the cutting operation of tiie planer for 
each the workpiece based upon the workpiece property information corresponding to the 
worlqpiece. 

The method may also include sensing one or more of the position, velocity and 
acceleration of a workpiece as tiie workpiece is fed or transported downstream to the planer and 
collecting corresponding data tiierefrom; and controlling the acceleration of each workpiece to 
estabUsh and/or control and/or correct a minimum required optimized gap of the workpieces. 
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The method may also mclude the steps of: 



(a) deteraiming in-piece gap-reduction for a successive series of workpieces in 
the array of workpieces, wherein the means for setting the size of gaps between successive 

i workpieces cooperates with the means for determining in-piece gap-reduction so as to reduce the 
size of gaps, and 

(b) determining a corresponding optimized planing solution for a downstream 
workpiece in the successive series of workpieces thereby providing for in-piece settmg of the 

0 cutting elements within the downstream workpiece so as to pre-position the cutting elements for 
commencing an optimized planing solution for a next adjacent upstream workpiece m the 
successive series of workpieces, whereby the size of gap between the downstream and upstream 
workpieces is reduced. 

5 Brief Description of the Drawings 

Figure 1 is, in plan view, a prior art planer infeed configuration. 

Figure 2 is, in plan view, a simplified example of an optimized planer infeed 

2 0 system showing fiiUy optimized gap control. 

Figure 3 is, m plan view, an optimizing planer infeed configuration according to 
one embodiment of the present invention mcorporating a variable speed infeed transport device 
with a sheet fed linear accelerator device and a linear work piece interrogator. 

25 

Figure 4 is, in plan view, the optimizing planer infeed configuration of Figure 3, 
with closed loop, non-optimizing control. 

Figure 5 is, in plan view, the optimizing planer infeed configm^ation of Figure 3, 

3 0 with closed loop, optimizing control. 
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Figure 6 is, in plan view, an optimizing planer infeed configuration according to 
one embodiment of the present invention incorporating a variable speed lug transfer, a transverse 
work piece intorogator and a linear work piece interrogator. 

5 

Figure 7 is, in plan view, a lug transfer device with a transverse acceleration device. 

Figure 8 is, in plan view, a lug transfer device used in combination with a sheet fed 
variable speed linear acceleration device. 

10 

Figure 9 is, in side elevation view, a lug transfer device feeding work pieces onto a 
linear acceleration device. 

Figure 10 is, in side elevation view, a lug loader-type device sheet feeder. 

15 

Figure 1 1 is, in side elevation view, a sheet feeder. 

Figure 12 is, in side elevation view, a sheet fed transverse acceleration device 
combined with a vertical acceleration device and a linear acceleration device. 

20 

Figure 13 is, in side elevation view, an alternative embodiment of a sheet fed 
transverse acceleration device combined with a vertical acceleration device and a linear 
acceleration device. 



5 Figure 14 is, in side elevation view, a continuous indexible support arm vertical 

zicceleration device. 

Figure 15 is, in side elevation view, a sheet fed hopper feeder device. 



30 



Figure 16 is, in side elevation view, a sheet fed vertical acceleration device. 

8 
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Figure 17 is, in side elevation view, atransverse acceleration device combined with 
a linear acceleration device. 

Figure 18 is, in side elevation view, atransverse acceleration device combined with 
a linear acceleration device. 

Figure 19 is, in side elevation view, a transverse acceleration device with an 
adjustable wheel. 

Figure 20 is, in side elevation view, a transverse acceleration device. 

Figure 21 is, in side elevation view, a transverse acceleration device with a slider 

crank. 

Figure 22 is, in side elevation view, atransverse acceleration device with adjustable 
start and stop points. 

Figure 23 is, in plan view, an example of an optimized planer infeed system with 
fiilly optimized gap control, shown with and without the addition of trim decision gap 
optimization. 

Figure 24 is a matrix showing combinations of planer infeed component devices 
that may be set up and controlled to operate as gapping infeed systems. 

Figure 25 is, in plan view, a conventional prior art planer infeed system with a short 
infeed transport device. 



Figure 26 is, in plan view, the planer infeed system of Figure 25 after conversion to 
an optimized system. 
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Figure 27 is, in plan view, a conventional prior art planer infeed system with, a long 
iufeed transport device. 

Figure 28 is, in plan view, the planer infeed system of Figure 27 after conversion to 
an optimized system. 

Figure 29 is, in diagrammatic plan view, an example of optimized gapping, without 
in-piece gap-reduction movements. 

Figure 30 is, in diagrammatic plan view, an example of optimized gapping, with in- 
piece gap-reduction movements. 

Figure 31 is, in diagrammatic plan view, an alternative example of optimized 
gapping, without in-piece gap-reduction movements, and showing two work pieces witii no gap 
between them. 

Figure 32 is, in diagrammatic plan view, a further alternative example of optimized 
gapping, witiiout in-piece g^-reduction movements, and showing two work pieces with no gap 
between tibiem. 

Hfttailed Description r>f P-mhndiTneTits of the Invention 

Figures 3 tiirough 8 show various planer feeding system configurations tiiat utilize 
different combinations of mechanical, sensing, process control and optimization to estabUsh and/or 
control and/or correct tiie gap, i.e., tiie minimum required gap between work pieces. These 
systems are a combination of some or all of the following subsystems: 



10 
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1 Work piece sensing 


12 Fixed speed transverse acceleration device 


2 Computerized process control system 


13 Variable speed transverse acceleration 
device 


3 Work piece optimization system 


14 Fixed speed linear acceleration device 


4 Gap optimization system 


1 5 Variable speed linear acceleration device 


5 Tilt hoist 


16 Vertical acceleration device 


6 Smooth transfer deck 


1 7 Linear work piece interrogator 


7 Lug loader 


1 8 Fixed speed planer infeed transport device 


8 Fixed speed lug transfer 


19 Variable speed planer infeed transport 
device 


9 Variable speed lug transfer 


20 Fixed speed planer 


1 0 Transverse work piece interrogator 


2 1 Variable speed planer 


11 Sheet feeder 





As used herein, the referenced numerals above denote corresponding elements i 
each of the views forming part of this invention. 



5 Work Piece S«ising(l) 

Work piece sensing is the sensing of the work pieces position and/or velocity 
and/or acceleration as the work piece is being processed through tlie entire optimizing planer 
system. Examples of work piece sensors may include, photo electric cells, photo proximity 
10 devices, laser based distance meters, laser interferometers, sonar devices, ultrasound devices, 
vision systems including CCD array cameras, encoders, light curtains, Doppler Effect devices and 
contact devices. 



Computerized Process Control System (2) 

15 

Computerized process controls are any type of controls or control system that can 
receive data from work piece sensing devices and use this data to control the devices in the 
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optimized planer system in such a manner to establish and/or control and/or correct the m i n imu m 
required gap of the work pieces bemg processed through the particular optimized planer system 
being controlled. Examples of these control systems may include programmable logic controllers, 
personal computers, Tnini computers, embedded electronics, motion control systems, and any 
5 combination of these devices. 

Work Piece Optimization System (3) 

Work piece optimization system is the system that receives work piece physical 
1 0 characteristic data from the transverse and or Unear work piece interrogator and determines the 
optimum planing or trimmmg solution for each individual work piece. The computerized process 
control system may be combined with the work piece optimization system in one computer or 
processing device and to perform all the necessary computations to fully control the optimized 
planer line. 



15 



Gap Optimization System (4) 



A gap optimization system is the combination of the work piece sensing and the 
computer software programs that do the necessary computation in order to establish and'or control 
2 0 and/or correct the mimmum requked gap between work pieces being fed into the planer. 

TUtHoist(5) 

The tUt hoist is a device that takes a unit or stack of rough work pieces and deUvery 
2 5 them onto the smooth transfer deck in basically a sheet of work pieces. 



3 0 Smooth Transfer Deck (6) 



12 



wo 2004/089584 



PCT/CA2004/000S62 



The smooth transfer deck carries the sheet of work pieces to other devices in the 
planer infeed system. The smooth transfer deck is usuaUy made up of multiple strands of smooth 
top chain running in troughs spaced along the length of tiie sheet of work pieces providing support 
5 and transportation for the work pieces. 

Lug Loader (7) 

The lug loader is used to take the work pieces j&om tlie sheet of work pieces on the 
10 smooth transfer deck and place them into lug spaces on either a fixed or variable speed lug 
transfer. 

Fixed Speed Lug Transfra: (8) 



15 



A fixed speed lug transfer is a conveyor made up of numerous strands of chain with 
lugs attached at fixed intervals to push the work piece ahead and keep the work pieces singulated 
(traveling separately). The speed of this fixed speed lug transfer is set manually and is not varied 
automatically by the process control system to control and/or conect the gap between workpieces. 

2 0 Variable Speed Lug Transfer (9) 

A variable speed lug transfer is the same as the fixed lug transfer except that in 
addition to controlling the speed manually, the process control system may automatically vary the 
speed to estabUsh and/or control and/or correct the gap between work pieces. The lugs on either 
25 the fixed speed or variable speed lug transfer may be roller lugs. Figure 9 shows afixed speed or 
variable speed lug transfer device feeding work pieces onto a linear acceleration device, i.e., an 
accelerator which accelerates a workpiece linearly along its longitudinal axis. 



3 0 Transverse Work Piece Interrogator (10) 

13 
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A transverse work piece interrogator may be conventional geometric scanning 
equipment that uses lasers to measure the geometric characteristics of each work piece. Other 
transverse work piece interrogators may be \ised to detect the incoming work piece' s properties to 
control the gapping of the work pieces. Examples of such work piece interrogators may include, 
vision systems, ultrasonic based geometric scanners, moisture meters, x-ray sensors, dielectric 
sensors, density sensors, and contacting thickness gauges. These alternative work piece 
interrogators may be used separately, in combination, with each other, or in combination with 
conventional laser based geometric scanners. These alternative instruments may detect work piece 
geometry, defect infonnation, or other relevant data that could be used to most optimaUy control 
the gap of each mdividual work piece. Examples of measured properties besides geometric data 
include, grain geometry, knot geometry and physical properties, surface finish, density, moisture 
content, and color variation. 



Sheet Feeder (1 1) 

Figure 1 0 shows one embodiment of a sheet feeder. A sheet feeder is any device 
that deals or feeds work pieces one at a time from a sheet of work pieces substantially butted 
together along the lengthwise edge of each work piece onto an accelerator such as a transverse 
acceleration device for accelerating a workpiece transversely relative to its longitudinal axis, a 
vertical acceleration device which translates vertically into engagement with a workpiece and 
which may accelerate the workpiece vertically, typically orthogonally to its longitudinal and 
transverse axes, a hopper feeder, or a linear acceleration device. The sheet feeder shown in Figure 
1 1 is comprised of a hook stop used m conjunction with an overhead transverse accelerator roll, hi 
this example, the sheet feeder is controlled by the computerized process control system to feed 
work pieces one atatime ontothelinear acceleration device, wherein the sheet feeder is controlled 
by the process control system using information received from the through-beam photo electric 
cell to detect the leading and trailing edges of the work pieces. There may be many variations of 
this sheet feeder device as would be apparent to one slcilled in the art. Without intending to be 
limiting, examples of alternative sheet feeders are shown in Figures 12 through 16. 



14 
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The sheet feeder in Figure 12 feeds the work piece over the top ofthe piece being 
accelerated on the linear acceleration device. In this example, the sheet of work pieces is advanced 
towards the linear acceleration device as the previous work piece is being accelerated. The next 
work piece is in position and ready to be dropped or forced down against the linear acceleration 
device. This method of sheet feeding basicaUy uses a vertical acceleration device to move the 
work piece from the sheet to the linear acceleration device. This method may have advantages 
over methods that use more traditional acceleration devices because ofthe shorter maximum 
distance the work piece must move from its position in tlie sheet to the linear acceleration device. 
This advantage may be greater with wider work pieces. 

Figure 13 shows another example of a sheet feeder used in conjunction with a 
vertical acceleration device. In this example the method by which the incoming work piece is 
supported above the work piece on the linear acceleration device is different than that ofthe 
example shown previously in Figure 12 in that this hold-up device retracts from tlie center out 
instead of from one side out. 

Figure 15 shows an alternative sheet feeder device. In this example the sheet of 
work pieces advance a single work piece over a hopper feeder. The hopper has multiple work 
pieces stacked verticaUy above a linear acceleration device. This particular linear acceleration 
device is a catapuU type. In this example, the work piece on the linear acceleration device is 
sittmg on a roller bed of non driven roUers. The catapult cylinder shown at the far left end ofthe 
work piece pushes the work piece forward (right as shown) for enough for the work piece to be 
engaged by a pair or multiple pairs of driven pinch rollers. These pinch rollers basically grab the 
work piece and accelerate it out ofthe hopper. The work piece that was positioned next in the 
stacknow falls by gravity or is assisted with a vertical acceleration device downonto theroUer bed 
ofthe linear acceleration device in position to be catapulted into the powered pinch rollers. The 
sheet feed advances the next work piece into the hopper as the work piece on the roller bed is 
being catapulted into the powered pmch rollers. It can be imagined that this sheet feeder/vertical 
hopper could be thought of as work pieces in a lug transfer with the lug space bemg the thiclcness 
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of Hie work pieces. Work pieces accelerating out of a slieet fed hopper system may be capitulated 
transversely directly onto a linear acceleration device. 

Fixed Speed Transverse Acceleration Device (12) 

Figures 17, 18 and 19 show examples of fixed speed transverse acceleration 
devices. A fixed speed transverse acceleration device is any device that is geared to and driven 
from the drive of the lug transfer or sheet feeder tliat accelerates tlie work piece away from the lug 
transfer or sheet feeder and delivers it to the linear acceleration device. In some instances it is 
necessary to use a fixed speed transverse acceleration device to more accurately set the gap. A 
transverse acceleration device will more accurately control the gap between work pieces and in 
some cases allow the setting of a shorter gap than can be achieved with only the lug chain pushing 
the workpiece into the linear acceleration device. Figure 17 shows an example ofhow this works. 
In this example, the speed at the exit of the linear acceleration device is 1200 feet per minute (20 
feet per second). The work pieces are 20 feet long and 12 inches wide and the minimum required 
gap between work pieces is .100 seconds. If the system runs at 100% capacity, the total number of 
work pieces fed in one minute will be 60 seconds divided by 1 . 1 seconds (feed time plus gap) or 
54,5 pieces per minute. In the case of a fixed speed lug transfer with lugs spaced 1 8 inches apart 
the velocity of the lug chain would be 81.8 feet per minute (16.36 inches per second). The lug 
timing is such that the second work piece is pushed by the iug tiansfer up next to the first work 
piece. As the trailing edge of the first work piece passes the leading end of the second work piece, 
the second work piece will be approximately 12 inches from tlie fence on the hnear acceleration 
device. If the lug transfer alone pushes the work piece over to the fence of the linear acceleration 
device it will take ^proximately 12 inches divided by 16.4 inches per second Oug transfer speed) 
or .733 seconds. The transverse acceleration device can reduce tibis time by pulling the work piece 
away from the lug and rapidly pushing the work piece over to the fence of the Unear acceleration 
device. In this example, the minimum required gap time is . 100 seconds and the actual gap time 
produced by the lug transfer is .733 seconds. Depending on the speed of the transverse 
acceleration device this actual gap time of .733 seconds can be reduced to near or equal to the 
^itiimnm required gap time. The speed of the fixed speed transverse acceleration device is 

16 
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manually set and is not varied automatically by the process control system to establish and/or 
control and/or correct the gap between work pieces. The speed of the fixed speed transverse 
acceleration device is proportional to and dictated by the speed of the fixed or variable speed lug 
transfer device. 

Figure 17 shows a fixed speed transverse acceleration device that is driven by the 
same drive that drives the lug transfer. In this configuration, a secondary lug chain transfer with 
one single lug is driven off of the lug transfer drive througla a 2: 1 ratio speed up drive. In this case 
the lug space of the secondary lug chain is twice that of the lug space of the transfer. This single 
lug chain is timed with the lug transfer so that the single lug contacts the work piece just as the lug 
on the lug transfer starts to drop down out of the feed path. Since the velocity of this lug is twice 
that of the lug transfer, it accelerates the work piece away fix>m the lug transfer onto the linear 
acceleration device, thereby reducing the actual gap time normally produced by the lug transfer by 
a fector of two. One can imagine, that by increasing the lug space (length) of the single lug 
secondary lug chain by any multiple of the lug space of the lug transfer and gearing the speed up 
drive by the same ratio, will proportionally reduce the actual gap time of the lug transfer by a 
factor equal to the ratio of lug transfer lug spacmg to the secondary lug chain lug spacing. 

Figure 18 shows an alternative fixed speed transverse acceleration device. In this 
example tiie secondary single lug chain lug space is thiee times tiiat of the lug space of tiie lug 
transfer. The gearing between the lug transfer and tiie secondary single lug chain is set up to be 
3 :1 speed up ratio causmg the secondary single lug cham to run tiiree times faster tiian the lug 
transfer. The fixed speed transverse acceleration device may use different mechanical means to 
accelerate the work piece away firom the lug transfer onto the linear acceleration device. Without 
intending to be luniting, figures 19 through 22 illustrate alternate embodiments of fixed speed 
transverse acceleration devices. 
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Figure 21 shows a slider crank fixed speed transverse acceleration device. In this 
example a sliding hinged lag is mechanically linked to the lug transfer drive throi^ a crank shaft, 
connecting link, and bell crank arm mechanism. In this example, the gearing between the lug 
transfer drive shaft and the sliding hinged lug is such that the hinged lug travels one lug transfer 
lug space forward and back while the lug transfer travels one lug space. Therefore, the hinged lug 
travels the distance of one lug transfer lug space twice as fast as the lug transfer. 

Figure 22 shows basically the same slider crank fixed speed transverse acceleration 
device as that shown in Figure 21 with one exception. The link between the bell cranlc arm and the 
hinged lug is not a fixed length but rather a variable length. By varying the length of this link, the 
start and stop positions of the hinged lug can be varied. This has an advantage over fixed start and 
stop points when it comes to running varymg widtii work pieces. An example of tiiis is if the start 
and stop points of the hinged lug are set to feed 12 inch wide work pieces onto the linear 
acceleration device tiien tiie stop point of the hmged lug would be approximately 12 inches plus a 
safety factor of 1 inch from the fence of the linear acceleration device (or 13 inches total). Now if 
4 inch wide work pieces are fed with the same settings, the 4 inch wide work pieces would end up 
being placed 9 inches from tiie fence of the linear acceleration device. Varying tiie lengtii of the 
connecting link between tiie bell crank arm and tiie hmged lug by 8 inches (8 inches shorter in this 
example) wiU move tiie start and stop points of tiie hinged lug 8 inches closer to the fence of tiie 
Imear acceleration device. In tiiis case tiie 4 inch wide work piece would be positioned 
^proximately 1 inch from the fence of tiie Unear acceleration device. One can unagine that by 
varying the position of tiie secondary single lug cham assembly in Figures 1 7 and 1 8 that tiie fmal 
position of tiie work piece relative to tiie fence of the linear acceleration device can be adjusted. 

Figure 20 shows an alternate embodiment of the fixed speed transverse accelraation 
device. In tiiis example, a large wheel witii a smgle lug is driven from tiie lug transfer drive 
through gearmg with a ratio equal to tiie ratio of lug transfer lug space and the circumference of 
the wheel. In tiiis example, tiie smgle lug wheel has a circumference equal to 8 times tiie lug 
transfer lug space. The velocity of tiie single lug is 8 times tiie velocity of tiie lug transfer lug. 
One can imagine placmg two lugs ISO* apart on the wheel and gearing tiie wheel to run 4 times 
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faster than the lug transfer thereby slowing the speed of the wheel lugs to be 4 times fester than the 
lug transfer lugs. This accelerator lug can in this case be run two times faster than the lug transfer 
lugs. By placing the lugs on the wheel 90* apart and gearing the drive to run the peripheral speed 
of the wheel twice the speed of tiie lug transfer. Varying wheel circumference in multiples of lug 
transfer lug space and gearing the drive accordingly can yield many multiples of the speed ratio 
between the lug ti ansfer and the wheel lug. Li the example, an overhead hold down device is used 
to stabilize the work piece. 

Figiare 19 is an alternative embodiment of the wheel type transverse acceleration 
device. In this example, the wheel can be positioned right to left in order to adjust the final 
position of the work piece relative to the fence of the Unear acceleration device. 

In all of the transverse acceleration devices shown in figures 17 through 22 the 
object is to position the work piece as close to the fence of the linear acceleration device as 
possible. This positiomng of the work pieces near the fence of the linear acceleration device is 
called far side referencing. That is because the side of the work piece being positioned next to the 
fence or reference line of the linear acceleration device is the side of the work piece furthest firom 
the face of the positioning lug. The near face of the work piece may be positioned relative to, and 
a set distance from, tlie fence or reference line of the linear acceleration device. Tliis would be 
known as near side positioning. Near side positioning may be advantageous in some cases 
because the narrower work pieces do not have to be pushed all the way across to the fence of the 
linear acceleration device. If near side positioning is used, tliere is no need to vary the start and 
stop positions of the secondary lugs of the transverse acceleration device to compensate for 
various widths of work pieces. 

Variable Speed Transverse Acceleration Device (13) 

A variable speed transverse acceleration device is any device that accelerates the 
work piece away from the lug transfer lug and delivers it to tlae linear acceleration device that is 
not geared to and/or driven by the lug transfer drive. Any of the fixed speed transverse 
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acceleration devices shown in figures 17 through 19 could be changed to a variable speed 
transverse acceleration device if they are driven witii a drive that is independent of the lug transfer 
drive. These drives tiiat power tiie variable speed transverse acceleration device could be one or a 
combination of drive types, for example, fixed speed A.C. drive, variable speed A.C. drive 
including variable frequency and vector drives, fixed speed or variable speed D.C. drives, servo 
drives, stepper drives, hydrauUc or pneumatic drives. A variable speed transverse acceleration 
device is used in conjunction witii gap sensing and computerized process control to more 
accurately estabUsh and/or control and/or correct tiie minimum required gap between pieces. For 
example, if a work piece for some reason is caused to hesitate or accelerate slower tiiat expected 
ontiie linear acceleration device, tiienafixed speed transverse acceleration device couldor would 

drive tiie next work piece over into tiie patti of tiie work piece tiiat hesitated on tiie linear 
acceleration device. This situation could be avoided by using a variable speed transverse 
acceleration device in conjunction witii sensing and computerized process controls. When sensing 

detects tiie location of tiie trailing end of tiie first work piece tiiat is on tiie linear acceleration 
device to be in a position tiiat can or wQl cause tiie second work piece being positioned by tiie 
transverse acceleration device to collide witii the first work piece, then tiiis sensmg information 
working tiirough tiie computerized process controls will be used to control tiie actiial position 
and/or velocity and/or acceleration of tiie work piece on the variable speed transverse acceleration 
device and m tiiis example slow down or stop tiie transverse acceleration device for the second 
work piece until the first work piece is at a position and/or velocity and/or acceleration tiiat wiU 
aUow tiie continued t^verse positioning of tiie second work piece. The variable speed 
transverse acceleration device is used in botii closed loop non-optimized and closed loop 
optimized gap control methods. 

There may be many variations to tiie variable speed transverse acceleration device. 
Some examples for instance could be hydraulic Imear actioators or multiple hydrauHc linear 
actuators working in sequence to position tiie secondary lugs, ball screw or multiple ball screw 
actuators working in sequence to position the secondary lugs . Due to the extremely high velocities 
of tiie secondary lugs tiiat may be necessary to set very short gaps, it may be necessary to use 
multiple secondary lugs all operating independentiy of one anotiier or in a coordinated manner. 
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While one group of secondary lugs is accelerating a work piece onto the linear acceleration device 
the remainir^ group or groups of secondary lugs may be either setting in wait to accelerate the 
next work piece or returning back to the start position from having just positioned a work piece. 

5 Fixed (1 4) and Variable Speed (15) Linear Acceleration Devices 

Figures 9 through 22 show examples of fixed speed and or variable speed linear 
acceleration devices. A linear acceleration device is any device that accepts a work piece from, a 
lug transfer, fixed speed transverse acceleration device, variable speed transverse acceleration 

1 0 device, sheet feeder, drop feeder, hopper feeder, vertical acceleration device or other device, and 
accelerates the work piece linearly (substantially along the length axis of the work piece) towards 
the planer infeed and/or planer. Some examples of linear acceleration devices are: roller beds, 
roller beds used in conjunction with pinch rollers, linear chain conveyors, belt conveyors, 
catapults, lug chains, pusher lugs, end dog devices, lugged belts and air tables. A fixed speed 

1 5 linear acceleration device is any linear acceleration device tliat the speed of is manually controUed 
and is not automatically varied to establish and/or control and/or correct the gap between work 
pieces. Fixed speed linear acceleration devices can be utilized in all three gap control methods, 
open loop non-optimized, closed loop non-optimized, and closed loop optimized. 

20 A variable speed linear acceleration device is any linear acceleration device that 

allows the instantaneous position and/or velocity and/or acceleration of the work piece being 
accelerated to be automatically controlled. The hnear motion characteristics (i.e. tiie instantaneous 
position and/or velocity and/or acceleration) of the work piece on the variable speed linear 
acceleration device are controlled in conjunction witii tiie sensing of tiie motion characteristics of 

25 tiie work piece and neighboring work pieces, (work pieces that may be on the transverse 
acceleration device or work pieces tiiat may be ahead of tiie work piece that is on the linear 
acceleration device) the processing of the sensed data with tiie computerized process control 
system and acting upon tiie processing of tiiis data though tiie drive of the variable speed linear 
acceleration device. Variable speed Imear acceleration devices can be utilized in botii tiie non 

3 0 optimized and optimized closed loop gap control methods. 
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Sheet Feeder (11) and Vertical Acceleration Device (16) Combination 

Figure 12 show an alternative sheet feeder/vertical acceleration device combination. 
5 In these example, the work piece that is to be moved or positioned over the work piece that is on 
the linear acceleration device can be accelerated transversely by the gate or shutter that holds the 
work piece above the linear acceleration device. There may be many alternative ways to use sheet 
feeders and hopper feeders. For example the sheet could be on a steep incline using the force of 
gravity to advance the sheet and load the work piece onto the linear acceleration device. An 
10 inclined sheet feeder could also use the force of gravity to load the hopper feeder. An inclined 
sheet feeder could feed a linear acceleration device that accepts and accelerates the work pieces in 
a vertical (wide sides vertical) or near vertical orientation. 

Lug Transfer (8,9) and Vertical Acceleration Device (16) Combination 

15 

Figure 14 shows an alternative method of combining a lug transfer with a vertical 
acceleration device. In this example the lug transfer loads the work pieces onto a bed of support 
arms that hover over the work piece that is being accelerated on the linear acceleration device. 
When the trailing end of the work piece being accelerated on die linear acceleration device is 

2 0 detected to be in a location at or near the leading end of the work piece hovering above on the 
support arms of the vertical acceleration device, the support arms of the vertical acceleration 
device will index down placing the next work piece onto tlae linear acceleration device. As the 
support arms index down, the next set of support arms move into position to get loaded with the 
next work piece from the lug transfer and hover this work piece above the linear acceleration 

2 5 device xmtil it is time to index it down to the linear acceleration device. 
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There may be many combinations of the continuous indexible support arm device 
shown in figure 14. In this figure the continuous indexible support arm device places the work 
piece onto the bed of the linear acceleration device and continues to index as the pinch rollers 
clamp the work piece to the driven bed of the linear acceleration device assisting in accelerating 
5 the work piece. Another application of the continuous indexible support arm might involve 
loading one or more support arms with work pieces above the hover position. Another variation 
might involve placing the support arms closely adjacent to one another and loading the work 
pieces from a lug transfer or sheet feeder located on the side of the continuously indexible support 
arm device that is opposite to the side that the linear acceleration device is located. These work 

10 pieces would be carried over the top of the indexible support arm device in what would be 
considered a loaded magazine style. The work pieces could be loaded onto alternating support 
arms from both sides simultaneously. All of the before mentioned sheet feeders, vertical 
acceleration devices, hopper feeders, catapults, pinch roller accelerator devices, and continuously 
indexible support arm devices can be used with or without work piece sensing, computerized 

1 5 process control and computer optimization, or computer gap optimization. These devices can be 
combined and configured to work in and provide any of the three methods of gap control, open 
loop non optimized, closed loop non-optimized, and closed loop optimized, 

Linear Work Piece Interrogator (17) 

20 

A linear work piece interrogator may be conventional geometric scanning 
equipment that uses lasers to measure the geometric properties of each work piece. Other linear 
work piece interrogators may be used to detect the properties of the incoming work piece to 
control the gapping between the work pieces. Examples of such work piece interrogators may 

2 5 include vision systems, ultrasonic based geometric and or defect scaimers, x-ray sensors, moisture 

sensors, dielectric sensors or contacting thickness gauges. These altemate work piece interrogators 
may be used separately, in combination with each other, or in combination with traditional laser 
based geometric scanners. These altemative instnoments may detect work piece geometry, defect 
information or other relevant data that could be used to most optimally control the minimum 

3 0 required gap of each individual work piece. Examples of measured properties besides geometric 
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data may include grain geometry, knot location and geometry, surface finish, density variation, 
moisture content, and color variation. 

Fixed Speed Planer Infeed Transport Device (18) 
5 A fixed speed planer infeed transport device is any device tliat accepts a work piece 

generally linearly along the length or longitudinal axis of tlie work piece from at least one and 
possibly multiple linear acceleration devices and conveys or transports the work pieces from the 
linear acceleration device or devices to the infeed end of the planer. This fixed speed planer infeed 
transport device may be constructed of one or more of the following subcomponents for example: 

10 a powered roller bed, a powered roller bed with overhead pinch rollers, a chain bed, a chain bed 
with overhead pinch rollers, a roller bed or belt conveyor or chain bed or air table with an 
overhead powered pinch belt or rolls. The fixed speed planer infeed transfer device may be 
oriented in either the vertical or horizontal plane (or some other angle). The speed of the fixed 
speed planer infeed transport device is varied manually meaning the speed is not varied 

1 5 automatically by the process control system in an effort to establish and/or control and/or correct 
the gap between work pieces. A fixed speed planer infeed transport device may be used with any 
of the three methods of gap control, open-loop non-optimized, closed-loop non-optimized, and 
closed-loop optimized gapping. Not all work piece gapping planer infeed systems require a fixed 
or variable speed planer infeed transport device. The planer may be fed dkectly from one or more 

20 linear acceleration devices configured in parallel or series. 

Variable Speed Planer Infeed Transport Device (19) 

A variable speed planer infeed transport device is any device that can be described 

2 5 and used as a fixed speed planer itifeed transport device except that tlie speed of all or part of this 

device can be controlled automatically to establish and/or control and/or correct the gap between 
work pieces. Figure 3 shows an example of a variable speed planer infeed transport device being 
used in a system along with a sheet fed linear acceleration device, and a linear work piece 
interrogator. In this example, the work pieces are fed onto the variable speed planer infeed 

3 0 transport device basically butted end-to-end. Tlie position and/or velocity and/or acceleration of 
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the work pieces is detected by sensors placed generally along the length of the variable speed 
planer infeed transport device. This sensed work piece information is in turn used by the 
computerized process control system to control the speed of part, all, or multiple parts of the 
variable speed planer infeed transport device to establish and/or control and/or correct the 
5 minimum required gap. 

Figure 4 shows a more detailed version of the variable speed planer infeed transport 
device being used in conjunction with a sheet fed variable speed linear acceleration device and a 
linear work piece interrogator. In this example, the variable speed planer infeed transport device is 

10 a roller bed with pinch rollers located directly above the rolls in the roller bed. The rolls in the 
roller bed are each driven independenfly by their own variable speed drive device. In this 
example, there are multiple work pieces being transported simultaneously on the variable speed 
planer infeed transport device. The instantaneous position and/or velocity and/or acceleration of 
each work piece are sensed by work piece sensors placed generally along the length of the infeed 

1 5 transport device. This sensed data is fed into the computerized process control system and is xised 
to calculate and solve for the required velocity and/or acceleration of each individual roller on the 
variable speed planer infeed transport device. The computerized process control system outputs 
commands to each variable speed drive driving the individual rollers and directs them to control 
the instantaneous velocity and/or acceleration of that roller. The minimum required gap is 

20 dynamically established and/or controlled and/or corrected in an ongoing fasliion as the work 
pieces are being transported on the variable speed planer infeed transport device. In this example 
the sheet fed variable speed linear acceleration device is also a roller bed device with variable 
speed drives on each individual roller. The instantaneous velocity and/or acceleration of these 
rollers are also controlled by the computerized process control system to establish and/or control 

2 5 and/or correct the minimum required gap between work pieces. This is an example of the second 
method of gap control, namely, closed-loop non-optimized, where the minimum required gap is a 
constant depending upon the maximxmi time it takes to reposition the guiding and/or cutting 
elements within the planer. 
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Figure 5 shows an example similar to that of the example shown in Figure 4 except 
that this example shows the tiiird method of gap control, namely, closed-loop optimized gap 
control. In this example, the variable speed planer infeed transport device is used in conjunction 
with a sheet fed variable speed linear acceleration device and a linear work piece interrogator. The 
5 variable speed planer infeed transport device is a roller bed with pinch rolls located directly above 
the rollers in the roller bed. The rolls in the roller bed are each driven independently by their own 
variable speed drive device. In this example, the minimum reqmred gap will be determined by the 
actual predicted time that is will take for the repositioning of the guiding and/or cutting elements 
within the planer. The linear work piece interrogator collects data on each work piece as it travels 

10 through the linear work piece interrogator. This data is used by the work piece optimization 
system to solve for the most optimum position of the guiding and/or cutting elements within the 
planer. Knowing the position of the guiding and/or cutting elements within the planer at the 
trailing end of one work piece and knowing the required position of the guiding and/or cutting 
elements within the planer at the leading end of the next work piece, tlie actual time that it takes to 

15 move the guiding and/or cutting elements from one position to the next can be very accurately 
predicted and controlled. It is this predicted and/or controlled time that it takes to move from one 
position to the next that establishes the minimvim required gap. In this case this minimum required 
gap between any two work pieces is not know until both of the work pieces have passed through 
the linear interrogation device. The computerized process control system uses this predicted 

2 0 minimum required gap information in conjvinction with sensed work piece instantaneous position 
and/or velocity/and/or acceleration information to solve for and control the velocity and 
acceleration of each individual roller (or a zone or a multitude of separate zones) in the variable 
speed linear acceleration device and the variable speed planer infeed transport device to 
dynamically establish and/or control and/or correct tlie minimum required gap between work 

2 5 pieces. This is a dynamic process in which the work piece position is constantly sensed and the 
velocity and acceleration of each individual work piece is constantly updated and controlled in a 
manner to: 
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1 . establish the minimum required gap as the work pieces are being 
transported, 

2. continually monitor and control the established minimnm required gap, and 

3 . continually make corrections to maintain the minimum required gap. 

5 

There may be many variations of optimized d)niaLnic gapping vising a variable 
speed planer infeed transport device in combination with other devices. For example, a variable 
speed lug transfer with a variable speed transverse acceleration device used in conjunction with a 
fixed speed hnear acceleration device and a variable speed planer infeed transport device all used 

10 in conjxmction with a transverse work piece interrogator can be controlled in a manner that allows 
the establishment of, the control of and the ongoing continuous coixection of the minimum 
required gap. For example, the predicted minimum required gap between work pieces is known 
after the work pieces are passed through the transverse work piece interrogator and while they are 
still on the variable speed lug transfer. The variable speed lug transfer in conjunction the variable 

15 speed transverse acceleration device will control tlie flow of work pieces onto the fixed speed 
linear acceleration device. The fixed speed linear acceleration can be running at a speed greater 
than the speed required to feed the work pieces with zero gap. This speed to feed the work pieces 
with zero gap in this case is the speed of the fixed speed planer. The flow of work pieces to the 
fixed speed linear acceleration device is modulated by controlling the speed of the variable speed 

2 0 lug transfer and the variable speed transverse acceleration device. The position and/or velocity 
and/or acceleration of each work piece is continuously sensed as they are delivered to the variable 
speed planer infeed transport device firom the fixed speed linear acceleration. The minimum gap 
time between work pieces may have been established by the modulation of the variable speed lug 
transfer and variable speed transverse acceleration device as the work pieces were fed onto the 

2 5 fixed speed linear acceleration device. If so or even if not so, the position and/or velocity and/or 

acceleration of each individual work piece is continuously sensed as it travels on the variable 
speed planer infeed transport device. The computerized process control system will continuously 
update the velocity and/or acceleration of each individual roller in the variable speed planer infeed 
transport device to ensure that the minimum required gap is established and/or controlled and/or 

3 0 corrected for each individual work piece as it is being fed into the fixed speed planer. 
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Fixed Speed Planer (20) 

A fixed speed planer is a planer that has its speed controlled manually and not by 
5 the computerized process control system in an effort to establish and/or control and/or correct the 
minimum req\iired gap between work pieces. 

Variable Speed Planer (21) 

10 A variable speed planer is a planer that has its speed controlled automatically by the 

computerized process control system in an efifort to establish and/or control and/or correct the 
minimum required gap between work pieces. 

Additional Gap Optimization Strategies 

In a closed loop optimizing planer infeed system it is possible for the computerized 
process control system and/or the work piece optimization system to determine a predicted work 
piece trim decisions through the use of sensing devices prior to planing. A trim decision is the 
decision to trim a work piece after planing to its optimum length, cutting off defective or unwanted 
material firom one or both ends of the work piece. The trim decision mformation for each work 
piece once fed to the control system can then be used to reduce and/or eliminate the minimum 
required gap time by allowing the guiding and/or cutting elements to reposition while in the area 
of the work piece designated to be trimmed. This is illustrated in Figure 23. 

2 5 Optimizing Planer Infeed System Combinations 

There are many combinations of planer infeed system components that can be 
configured to operate as a gap producing planer infeed system. Some examples may be: 

30 
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The sheet fed fixed speed linear acceleration device in combination with a fixed 
speed planer infeed transport device and a fixed speed planer is one possible combination. In this 
example, the fixed speed linear acceleration device is set to run slower than the fixed speed planer 
infeed transport device so that the work pieces are accelerated away firom the fixed speed linear 
5 acceleration device by the fixed speed (high speed) infeed transport device. The amount of gap 
that is established between work pieces is dependent upon the speed difference between the two 
devices. This is an example of open loop non optimizing gapping. 

A sheet fed fixed speed linear acceleration device in combination with a variable 
1 0 speed planer infeed transport device and a variable speed planer. In this example, the fixed speed 
linear acceleration device is set at a speed necessary to feed a certain number of work pieces per 
unit of time. The variable speed planer infeed transport device working in conjimction with the 
variable speed planer are controlled to run at speeds and accelerations that estabUsh and/or control 
and/or correct for the minimum required gap between work pieces. Work piece sensing along with 
15 computerized process controls would be used in this example of closed loop non optimizing 
gapping. 

By adding a linear work piece interrogator and changing to a variable speed linear 
acceleration device in the configuration in the previous example, and determining the minimum 
20 required gap between each individual work piece, tlie system may be changed firom a non 
optimizing-system to a fiilly optimized system. 

Another example may be, a lug loader feeding a variable speed lug transfer that 
feeds a variable speed linear acceleration device that feeds a variable speed planer iiifeed transport 
25 device feeding a variable speed planer. This combination along with a transverse work piece 
interrogator, work piece sensing, computerized process controls and work piece optimization 
could be configured to operate as a closed loop optimized system. 
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There are many more combinations of planer infeed devices that can be set up and 
controlled to operate as gapping infeed systems. The matrix of combinations shown in Figure 24 
is a representative list of many but not all possible combinations of devices. 

5 Another aspect of this invention is the recognition that not all existing sawmills 

and/or planer mill complexes will be able to install and operate an optimized planer system 
because of one or more of the following reasons: 

1 ) There is not enough space in and aroxmd the existing planer system to allow 
10 the installation of an optimized planer system, 

2) Major fovmdation modification and/or additional pilmg has to be driven in an 
inaccessible location, 

3) The cost of modifying the existmg site and putting in all new planermill 
equipment is too expensive, 

15 4) The volume produced by the planermill is not large enough to justify the 

installation of an all new optimized planer system. 

Being able to modify the existing non-optimized planer system and converting it 
into an optimized planer system may potentiedly save hundreds of thousands of dollars over 

2 0 installing a new optimized planer system. There are many combinations of the components that 
make up an optimized planer system. Depending on the configuration of the existing non- 
optimized planer system, the most cost effective and efficient way to convert the system to an 
optimized system can be determined. Most non-optimized planer systems currently consist of the 
following devices (see Figure #25), a tilt hoist feeding sheets of work pieces onto a smooth 

2 5 transfer deck which sheet feeds the work pieces onto a linear acceleration device. The linear 
acceleration device accelerates the work pieces towards the planer. A short planer infeed transport 
device is usually located between the linear acceleration device and tlie planer. The speed of all of 
these component devices would be fixed speed and are controlled manually. In this example, the 
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fixed speed linear acceleration device is set to run faster than the fixed speed planer infeed 
transport device and the planer. Setting the system up this way causes the work pieces to be fed 
end-to-end with no gap. 

5 The non-optimized planer system as shown in figure #25 can be converted to a fully 

optimized planer system using any one of the three methods of gap control, (1) open loop non- 
optimized, (2) closed loop non-optimized, and (3) closed loop optimized, depending on how the 
component devices are modified, what other devices are added to tlie system and the level of work 
piece sensing, computerized optimization and process control. The most desirable reconfiguration 

10 of the non-optimizing planer system might be the configuration shown in figure #26. In this 
example, the non-optinaized planer system has been converted to a fiilly optimized planer system 
with closed loop optimized gap control. The conversion process involves the following 
modifications and additions to the non-optimiziag system: A short section of the smooth transfer 
deck is removed to allow the installation of a lug loader. Tlie section of smooth transfer between 

1 5 the lug loader and the linear acceleration device is converted to a lug transfer by eitlier adding lugs 
to the existing smooth top chain or replacing the chain with one that has lugs already attached. A 
variable speed drive is added to the smooth transfer deck and a separate variable speed drive is 
added to the lug transfer. A transverse work piece interrogator is placed along the lug transfer. 

2 0 The individual rollers or groups of rollers in the linear acceleration device, planer 

infeed transport device and planer are fitted with variable speed drives. Work piece sensing 
devices are added to the system on and around the area where the lug transfer delivers the work 
pieces to the linear acceleration device, along the length of the linear acceleration device and 
planer infeed transport device and in and around the area of the planer. The necessary 

2 5 modifications are done to the planer machine in order to make the guiding and^or cutting elements 
movable and able to reposition between work pieces including adding higli speed positioning 
devices to all necessary planer elements. The necessary computerized process controls along with 
the work piece optimization and gap optimization systems are added to control the now fiaUy 
optimized planer system. There are numerous other combinations of modifying or adding devices 

30 to this system to convert it to on optimized system. If, for example, non-optimizing gap control 
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was desirable then the work piece sensing and variable speed drives could be eliminated from the 
converted system. In any non-optimized planer system, it will be necessary if it is to be converted 
to optimized, to modify existing system devices and/or add new devices in order to establish 
and/or control and/or correct the minimum required gap between work pieces. 

5 

Another example of converting a non-optunized planer system to an optimized 
planer system may be as shown in Figure #27 and Figure #28 . The planer system shown in Figure 
#27 is a non-optimized system that happens to have a very long planer infeed transport device. All 
of the speeds of the devices in this system are fixed speed and are set to feed the work pieces 

1 0 basically end-to-end with no gap between work pieces. Figure #28 shows the sj^tem of figure #27 
converted to an optimized planer system. In this example, there have been no modifications to the 
tilt hoist or the smooth transfer deck. However, the linear acceleration device along with the 
planer infeed transport device and planer have been fitted with variable speed drives. Individual 
rollers or groups of rollers have independent variable speed drives controlling their speed. A 

1 5 linear work piece interrogator has been added to the system near the midpoint of the planer infeed 
transport device. Work piece sensing has been added to the system from tlie linear acceleration 
device to and through the plsmer. The necessary planer modifications have been made to allow the 
moving or relocation of the guiding and/or cutting elements within the planer between work 
pieces. A computerized optimization system along with a computerized process control system 

2 0 are added to provide the work piece optimized planer solutions and generally control the flow of 
work pieces going through the system including establishing and/or controlling and/or correcting 
the minimum required gap between work pieces. 

Gap-Reduction Modifications to the Optimized Planing Solutions 

25 

Reductions in the gap time required between subsequent work pieces can be made 
through gap-reduction modifications to the optimized planing solutions. 
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Reductions in the gap time required between subsequent work pieces can be made 
through the realization that certain movements of the guiding and/or cutting elements during the 
planing of a given work piece are possible for the sole purpose of gap reduction as long as those 
movements do not overly reduce the grade and quality of the finished work piece. These 
5 movements, called in-piece gap-reduction movements, are made within the constraints of the 
overall optimized planing solution and are govemed by the defect profile of each individual work 
piece. 

To illustrate, figures 29, 30, 3 1 and 32 show examples of three rough work pieces 
10 (A, B and C) feeding an optimized planer. The dashed lines show the intended location of the 
finished side cuts oriented within the rough work pieces. Piece A is a rough work piece where the 
defect profile requires that the side cuts be made towards one side of the piece as shown. Piece B 
is a rough work piece with few physical defects and a fiiUy intact geometric profile along its entire 
length. Therefore, piece B the side cuts can essentially be made anywhere within the piece. Piece 
15 C is a rough work piece where the defect profile requires that the side cuts be made towards the 
opposite side of the work piece (compared to piece A) as shown. 

Figure 29 shows one possible optimized gapping solution of the work pieces as 
they feed into the planer without the use of in-piece gap-reduction movements. Here the gap times 
2 0 between subsequent work pieces are determined by the amount of time required for the guiding 
and/or cutting elements to reposition between each individual piece, hi tliis example, the guiding 
and/or cutting elements are moved to a centrally located position between pieces A and B resulting 
in reqxiired gap times of 125 ms between pieces A and B and 1 35 ms between pieces B and C. 

2 5 Figure 3 0 shows an optimized gapping solution of the work pieces with the use of 

in-piece gap-reduction movements, hi this example, during tlie planing of piece B side-to-side 
movements of the guiding and/or cutting elements are made such that: 
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(a) when the trailing end of piece A leaves the planer the guiding and cutting 
elements are in position for the start of the solution for piece B, and 

(b) when the trailing end of piece B leaves the planer the guiding and cutting 
5 elements are in position for the start of the solution for piece C. 

Note the complete elimination of tlie required gaps between tlie three work pieces. 

Figures 3 1 and 32 show an example of an additional gap reduction strategy using 
10 the same work pieces as above where the ends of piece B are aligned against either piece A or 
piece C. The planing solution of piece B is modified so that it either corresponds with the trailing 
end of piece A or the leading end of piece C. This method of optimized gapping takes advantage 
of the time savings from reducing two movements of the guiding and/or cutting elements firom A 
to B and B to C to one movement from A to B or B to Making a single guiding and/or cutting 
15 element movement saves time over making two movements because only one acceleration and 
deceleration are required instead of two. Note the reduction in the total required gap time in the 
example shown in Figures 3 1 and 32 compared to the required gap times shown in the example in 
Figure 29. This metliod of gap reduction may or may not also use in-piece gap-reduction 
movements while planing. 

20 

Gap time reduction or elimination tlirough the optimized planer is critical to 
increasing planermill throughput. The previous examples show that modifying the planing 
solution in one work piece using the information firom the planing solutions of the surrounding 
pieces can lead to a reduction in the required gap times. Again, these gap-reduction modifications 
25 to the optimized planing solutions are made when permitted by the individual work piece defect 
profiles. 
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As will be apparent to those skilled in the art in the light of the foregoing 
disclosure, many alterations and modijacations are possible in the practice of this invention 
without departing from the spirit or scope thereof. Accordingly, the scope of the invention is to be 
construed in accordance with the substance defined by the following claims. 
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